The existence of the Higgs provides a considerable support to the Standard Model of particles and fields(SM), and also opens the perspective of a renewed physics in four-dimensional space-times. It is shown why and how the Higgs mechanism implies the inclusion of Einstein's gravitational field within the SM, together with a novel massive spin-2 field of geometric nature, acting as a short range carrier of the gravitational field.
On the other hand, the existence of the Higgs has also been the source of disappointment for those who were hoping for a new physics, capable of explaining some observations in cosmology and a whole new phenomenology of quantum gravity. The purpose of this report is to present some results, showing that, far from being boring and uninteresting 3 , the discovery of the Higgs brings a very exciting perspective for a renewed physics. Thus, it is reasonable to start with a very short review on the Higgs mechanism. (For notational purposes and updates we refer to [1, 2] .)
The Higgs "doublet" is a pair of complex functions φ 1 and φ 2 composing a column
whose dynamics is given by the Higgs Lagrangian interacting with a gauge field of the SM, given by 4 .
where F µν = [D µ , D ν ], D µ = ∂ µ + igA µ , with A µ being the gauge field potential with interaction constant g and U(φ) is the Higgs quartic "Mexican hat" potential
The field equation for φ is
The ground state, or the vacuum state of the Higgs field are the solutions of
To quote a phrase from S. Hawking at an event in London's Science Museum to celebrate the launch of an exhibition on the Large Hadron Collider in 2013, when he also commented that "physics would be far more interesting if it (the Higgs) had not been found". 4 In the following Greek indices run from 0 to 3 and small case Latin indices run from 1 to 3.
The solution at φ = 0 represents a false, unstable vacuum, so that it is naturally excluded. On the other hand, the stable vacuum solution is given by
For λ > 0, this solution is real if −µ 2 = m 2 , where m is the Higgs mass with the observed value is about 125.3GeV. With this choice, the Higgs vacuum is a circumference with radius |φ| = φ , located at the bottom of the "Mexican hat" potential.
The Lagrangian (1) is invariant under four groups of symmetries, namely: the Poincaré group; the gauge symmetry of the gauge field A µ , the global Higgs symmetry described by φ ′ = e iα φ, where α is independent of coordinates and the local Higgs symmetry φ ′ = e iθ(x) φ. The global Higgs symmetry is the group of rotations which defines a 2-dimensional surface of revolution in the representation space (U(φ), φ 1 , φ 2 ), generated by a plane curve whose points turn equally around the U(φ) axis, with the same angle α. Such surfaces of revolution have a Monge parametrization given by the coordinates of the points of the generating curve and the rotation angle [3] . Thus, for each point of the plane curve we obtain a circumference, the "parallel curves" and for each fixed value of the angle we obtain the "meridians" of the Higgs potential. Therefore the global Higgs symmetry SO(2) Higgs global is a symmetry of the whole Higgs Lagrangian. Since the Higgs potential remains stable all the way up to the Planck scale [2] , then the global Higgs symmetry SO(2) Higgs global must remain unbroken for any practical observations of the Higgs mass at the Higgs vacuum. Most textbooks starts with a 1-dimensional example corresponding to the intersection of the "Mexican hat potential" with a plane. In this example the discrete Higgs vacuum symmetry brakes down as it assigns a mass to the Higgs.
in the case of the 3-dimensional Higgs mechanism it is dealt with the local Higgs symmetry breaking. In addition to explaining the Higgs mass, the breaking of the local vacuum symmetry also explains the mass assignments to the SM particles.
On the other hand, the local Higgs symmetry SO(2) Higgs local , the parameter coincides with the local transformation for the electromagnetic potential A ′ µ = A µ + iθ ,µ in the electroweak symmetry U(1) × SU (2) . Differently from the global symmetry, the symmetry SO(2) Higgs local breaks down at the bottom of the "Mexican hat potential", so that the Higgs field acquires the same mass like in (4) , and also associates a mass m v to the gauge vector field mass term 5 in the Lagrangian, given by [1] 
These predictions were experimentally confirmed by the observations of the detection of the massive electroweak spin-1 bosons Z 0 and W ± . Notice that the Higgs mechanism does not give masses to the particles. These are given by the Casimir operator in accordance with Wigner's theorem on the classification of the unitary representations of the Poincaré group: All particle masses belong to the spectrum of the Casimir mass operator of the Poincaré group. Therefore, the existence of the Higgs and the Higgs mechanism makes sense only if it implies in a solution of the symmetry mixing problem.
The symmetry mixing problem tells that an arbitrary combination of the Poincaré group with the SM gauge symmetries is not compatible with the observations of the (squared) mass difference between particles belonging to the same internal spin multiplets [?, 5] . Using the same notation for Lie groups and Lie algebras the simplest of such combination is the Lie group corresponding to the Cartesian product of the Lie algebra P 4 ×U(1)×SU(2)× SU(3). Eventually, it was found that the origin of the problem is located in the "nilpotent action" of the translation operators of the Poincaré group over the electroweak symmetry U(1) × SU(2) [6, 7] . However, the problem remained open through the last fifty years, period in which theoretical physics was distracted by the possibility of alternative space-time symmetries that could avert it.
One explored solution to that problem would be the replacement of the Poincaré group by the 10-parameter de Sitter group in place of the Poincaré group, where the translations (and hence the masses) appear only after the Inonu-Wigner group contraction [8] . A more radical proposition consisted on quitting the Lie algebra structure altogether, as for example using the supersymmetric algebraic structure within the super-string program. Nonetheless, 5 The distinction between local and global Higgs symmetry suggests that instead of the traditional "Mexican hat potential", the Higgs potential would be better compared with a revolving casino roulette. While the roulette itself is defined by the global symmetry, the playing ball, thrown by the croupier would correspond to the Higgs particle. The ball eventually stops at some numbered slot at the bottom circumference of the roulette, the Higgs vacuum, where the Higgs field always acquire the same mass, but assigning different winning numbers (masses) to gauge fields.
the Poincaré symmetry has remained experimentally consistent as the spacetime symmetry in experimental high energy physics, so that the explicit presence of the Poincaré group in the SM construction must be retained at least in view of our present knowledge of high energy physics.
The exceptional stability of the Higgs potential and of its global symmetry suggests that SO(2) Higgs global may act as an intermediate component for the symmetry combination. This follows from two preliminary results: First, since the Higgs Lagrangian (1) is invariant under the Poincaré symmetry and under the global symmetry SO(2) Higgs global , it should also be invariant under some combinations of these groups corresponding to the Lie algebra Cartesian product P 4 × SO(2) Higgs global . Furthermore, the ill effects of the nilpotent translation operator of P 4 do not affect internal spin multiplets, because SO(2) Higgs global is not a local gauge symmetry. The second result follows from the fact that the SM symmetry U(1) × SU(2) can be combined with any rotation or pseudo rotation group without conflict with the internal spin multiplets [9] . In particular, this theorem applies to the global symmetry SO(2) Higgs global , without disturbing the masses (5) of the internal spin multiplets.
The two above Lie algebra products can be combined into a single one, where the SO(2) Higgs global symmetry acts as a buffer to protect the internal spin multiplets from the nilpotent action of the translation operators. Thus, including the strong forces, the symmetry combination between the Poincaré and the gauge symmetries can be schematized at the level of Lie algebra as
which represents the simplest solution of the symmetry mixing problem, consistent with the experimental evidence of the Higgs itself and with of the two massive gauge bosons Z 0 and W ± .
Scalable Gravitation
The symmetry mixing (6) implies that the particles of the SM model are no longer restricted to be composed of only massless vector bosons. It must necessarily includes the spin-0 Higgs particle itself and the massive spin-1 bosons. In this section we show that it also includes higher spin particles and gravitation as a massless, non-linear spin-2 field, together with a novel massive short range companion.
The spin-statistics theorem of relativistic quantum mechanics relates the spin, s, to the observable degrees of freedom, d f of the corresponding quantum field by the relation s =
. The d f are always measured in the state of minimum energy of the particle (the ground state or equivalently the vacuum state), in the 3-dimensional space of the observers [10] , obviously this counting depends on how the observables of each theory is defined. In the example of Einstein's gravitational theory the observables of the gravitational field are the eigenvalues of the pure gravitational field defined by the Weyl tensor. More specifically, the observables are the five independent non-trivial eigenvalues of the Weyl tensor measured in the observers 3-dimensional space [11] .
Since Einstein's equations are traditionally derived from a geometric interpretation of Poisson's equation for the Newtonian gravitational field, the coupling constant with matter is 8πG, where G is the Newtonian gravitational constant which has physical dimensions. The presence of such constant prevents that GR could be renormalizable and that it would be effective only at the Planck scale of energis [8] . A less known approach to Einstein's equations starts from the linear spin-2 field, H µν , with rest mass m, in the Minkowski space-time as defined by the following Fierz-Pauli Lagrangian[12]
where the index contractions are made with the Minkowski metric η µν , the potential energy of the field is U = m
The state of minimum energy of the Fierz-Pauli field is given by the solutions of the equation
Assuming that m = 0, the stable vacuum states occur when the field H µν is trace-free. Consequently, the degrees of freedom of this field in the 3-dimensional observer space reduces to 5, corresponding to a spin-2 field. The field equations derived from (7) are the massive wave equations for H µν , given by
The similarity between these equations and Einstein's linear gravitational wave equations, have motivated the search for the non-linear equations resulting from higher order perturbations of the Minkowski metric g µν = η µν + γ µν + γ 2 µν + · · · in the left hand side of Eq. (9) for m = 0. After lengthy calculations, it was found that the result reproduces the same expression of the Einstein tensor for g µν . Thus, comparing that tensor with an arbitrary conserved energy-momentum tensor T
where g µν is regarded as a tensor field defined in the Minkowski spacetime and κ is a dimensionless proportionality constant. Such non-geometric derivation of Einstein's equations was originally obtained by R. Kraichnan [13] , and independently by S. Gupta [14] (A detailed comment and further references on this subject can be found in the prefaces of Feynman Lecture notes on Gravitation [15] ). The perturbed quantity g µν can be used to define the a metric of a fourdimensional manifold, having the Minkowski space-time as a local tangent space. However, to interpret (10) as a gravitational equation similar to GR, the observables need to be redefined. As already commented, the observables would be the eigenvalues of the Weyl tensor constructed with g µν in the 3-dimensional space of the observers and not the components of H µν as in (7) .
Since the Ricci tensor and the Ricci scalar calculated with the solution g µν of (10) have the same formal expressions as the ones defined in Riemannian geometry for an arbitrary defined metric, that equation can also be derived from the same Einstein-Hilbert principle [16] 
Therefore, the question about the lack of uniqueness of the derivation of (10) as the massless non-linear version of the Fierz-Pauli field [15] ) reduces to the addition of a divergence-free term, is the same the standard geometric derivation of Einstein's equations in GR, and consequently it does not disturb the observational aspects of above field-theoretic derivation. This means that the coupling constant κ can be adjusted to different scales of energy without altering the essential aspects of Einstein's gravitation, which becomes a particular case of (10) when κ = 8πG, keeping all other fundamental principles. Therefore (10) with κ as an arbitrary dimensionless coupling constant defines a scalable gravitational relativistic theory, capable of being perturbatively quantized [17] . The experimental evidences of classical gravitational waves reinforces the quantum fluctuations quantum gravity must also be predicted as a renormalizable theory, which is not possible for κ = 8πG without the hierarchical restrictions imposed by the Newtonian gravitational constant, but it will be possible for a dimensionless κ defined at the TeV scale. In this case quantum gravity and its implications can be in principle be observed at the Large Hadron Collider (LHC). For example, at such scale Einstein's equations (10) in four-dimensions will allow for the production of mini-black holes at the LHC. As we recall, tev scale black holes were originally motivated within the context of higher dimensional theories of gravitation based on the Einstein-Hilbert principle, defined in a space with D = (4+n) , with n non-compact extra dimensions, where the Schwarzschild radius of such mini-black hole is given by [18] 
Here M P l is the Planck mass and M BH denotes the black hole mass, assumed to be approximately equal to the total energy of the proton-proton collision (currently limited to ≈ 13T eV ). In four-dimensions, using (10), we may apply the same arguments based on the fact that the coupling constant of the matter sources is not necessarily related to the classic Newtonian gravitational constant [19, 20, 21] . Thus, equation (12) with n = 0 gives the TeV scale Schwarzschild radius in four dimensions, as follows
which also in principle can be tested at the LHC with the same experiments already proposed for extra dimensions.
The Geometry of the Higgs
The complete Higgs mechanism involves a total of five degrees of freedom: 2 of them corresponding to the complex Higgs doublet φ and 3 degrees of freedom correspond to the vector gauge field A i , all defined in the usual 3-dimensional observers hypersurfaces [1, 2] , giving the statistical support for the spin-2 field H µν described by (1). As we have seen, the massless case gives way to to Einstein's gravitation, but the massive spin-2 field still poses the problem: Is there a massive gravitation?
The existence of massive gravitation was conjectured long ago [22, 23] and it remains a subject of current interest [24] , also as a consequence of the 5 degrees of freedom of the gravitational field and to the Fierz-Pauli Lagrangian (7), this time with non zero mass. The basic argument is that Einstein's gravitation would result from the zero mass limit of such massive gravity 6 . However, it was soon found that the curvature of the space-time interferes with the mass term, leading to a ghostly, non-causal theory of gravitation [25] , which is not compatible with some of the classic experiments of relativistic gravitation [26] . In the following we show that the existence of the Higgs also imply the existence of a linear, massive spin-2 field, acting as a short range complement to Einstein's gravity, but not replacing it.
Einstein's equations form a globally hyperbolic system of differentiable equations [27, 28] , so that at any point of the space-time there exists a 3-dimensional space-like hypersurface Σ, orthogonal to a time-like differentiable and integrable vector field η. In other words, the space-time is foliated by a sequence of hypersurfaces Σ, parameterized by a global time-like scalar function ϕ, often referred to as the lapse function in the context of the canonical formulation of Einstein's gravitation. The existence of a lapse function does not imply a breach of the principle of general covariance, which refers to arbitrary coordinate choices, while the global hyperbolicity refers to the existence of reference frames. These are different concepts, defined in different spaces: Coordinate transformations are defined in the space-time manifold by the diffeomorphism group of the space-time, while reference frames are defined in the tangent bundle of the space-time, and they transform according with the Lorentz group. They relate only in the particular coordinate basis where the reference frame is defined by e α = ∂/∂x α . In coordinate basis the vector field η is not orthogonal to the hypersurface Σ with a tangent component called shift vector appear with the consequent vanishing of the Hamiltonian. However, in the hyperbolic frame defined by Einstein's equations the vector η is orthogonal to the space-time and the shift vector vanishes, and consequently the Hamiltonian does not Vanish [29] .
Therefore, from the point of view of quantum gravity it is relevant to understand the hyperbolic structure of Einstein's equations. This is so, because contrarily to what is commonly assumed, the existence of a hypersurface Σ in space-time is not determined by Riemannian metric alone and consequently in GR by in Einstein's equations alone. In fact, this is a classic problem of differential geometry which requires the solution of the well known Gauss and Codazzi equations. To understand the nature of these equations, consider the particular region of space-time which are restricted to be confined to a 3-dimensional space-like hypersurface. These points can be described by an "embedding map", with components X µ (x), such that the hypersurface metric is induced by that of the space-time as [30] 
On the other hand the orthogonality between Σ and η is expressed as
Since the physical observers are confined to those hypersurfaces, the vector field η is not seen by them, and consequently they cannot predict the dynamical evolution of such hypersurface. Nonetheless, the variation of the vector η, when it is displaced along a tangent direction X µ ;j , can be observed and it is given by the the extrinsic curvature given by
Essentially, this is an observable quantity which measures the extent on which the hypersurface deviates from the tangent plane in each direction. Due to the incomplete knowledge of η and of its variation in time, the extrinsic curvature cannot be derived from the solely from the metric of the hypersurface. In particular it cannot be confounded with the Christofell symbol Γ 0 ij of the space-time because this is not a tensor quantity and consequently depends on the choice of coordinates.
The integrability conditions for the existence of hypersurfaces in a Riemannian manifold are defined by the Gauss-Codazzi equations, which result from the the independent components of the Riemann tensor of the spacetime written in the hyperbolic frame [30] :
where 4 R µνρσ denote the components of the Riemann tensor of the spacetime and 3 R ijkl denotes the Riemann curvature of Σ calculated as in a 3-dimensional Riemannian manifold. All covariant derivatives are calculated with the space-time metric g µν . These equations are highly non-linear and their solutions were initially obtained by guess or more generally by assuming that the space-time metric were analytic in the sense that they were expressed only as convergent positive power series. So, hypersurfaces exist provided the metric is analytic. However, in physical space-times such property does not generally exist. However, it is possible to improve this situation by by the imposition of additional conditions, such as the mirror symmetry used in some brane-worlds models. Differentiable solutions of the Gauss-Codazzi equations can be obtained by using Nash's smoothing condition [31] 
It is not difficult to see that the Codazzi equations become trivially satisfied with (19) . On the other hand, due to the higher degree of non-linearity, the differentiable solutions of Gauss's equations are less clear. Based on a sequence of infinitesimal canonical transformations [32] , described by generic coordinates and momenta, q and p, respectively, in the phase space, we can see that a foliation of the space-time by hypersurfaces can be obtained in a differentiable fashion, so that for each hypersurface defined by the coordinates X µ (p, q), we may obtain an infinitesimal displacement
where G denotes the generator of the infinitesimal transformation; ε is its infinitesimal parameter and k ij replaces the conjugate momenta of the hypersurface metric. Then, the evolution of the hypersurfaces is described by Hamilton's equations, using the non vanishing Hamiltonian as the generator G of the infinitesimal displacement in the hyperbolic frame; the metric of the hypersurface as the variable q and the extrinsic curvature as the momentum p. Since the lapse functions vanishes, Gauss' equation (17) has a differentiable solution in the form of a sequence of infinitesimal transformations [28, 33, 34] generated by a non-vanishing Hamiltonian, provided the evolution of k ij is given independently of the metric. In order to define this evolution, we notice that the extrinsic curvature (16) has six degrees of freedom defined on the hypersurfaces, but one degree of freedom may be knocked off if its trace h = g ij k ij is given. Assuming this, the remaining five degrees of freedom defines a massive Fierz-Pauli field given by the components
which compose the Fierz-Pauli Lagrangian (7) written in the curved spacetime with metric g µν , complete with the complete Higgs Lagrangian (1) also translated to the curved space-time. The corresponding equations of motion of such field are
where m F P denotes the Fierz-Pauli mass and
so that the complete Dalambertian operator becomes 2 = g µν D µ D ν . Now we make the assumption that the lapse function coincides with the Higgs potential ϕ = φ, and comparing (21) with (3), we obtain
Comparing with (??) we obtain
whose stable non-zero solutions are given by
whose real non-null solutions require that m 
The massive Fierz-Pauli field (20) can be interpreted as a short range carrier of the gravitational field. The existence of one such carrier of the gravitational field has been proposed in the past, in analogy to the electric current, which can be seen also as a short range propagator of the electromagnetic field [35] . The difference here is that we do not have a current but instead, a short range wave-like geometric propagation of the the hypersurfaces in space-times, or a wavelet-like having the Higgs potential as its support. A possible interpretation of k ij as dark matter as a background field in cosmology is currently under investigation, within the Standard Model of Cosmology.
Summary,
In view of the detailed arguments above exposed, we cannot agree with the statement that the Higgs is a boring solution for the Standard Model of particle interactions. Actually it looks very exciting as it opens possible explanations to many of the pending issues of the SM, including quantum gravity, black holes evaporation and cosmology.
We have started with the classic problem of symmetry mixing because it is a primary demand of the SM. Since all observed masses belong to the spectrum of the mass Casimir operator of the Poincaré group, while some of these masses appear with particles defined by the gauge symmetries, then the mixing of these symmetries appears as inevitable. We have found that the existence of the Higgs necessarily solves that problem by providing the inter-mediation of the unbroken global Higgs symmetry SO(2) Higgs global between the Poincaré group and the internal symmetries, without disturbing the internal spin multiplet structure. Since this is the group of rotation of the entire Higgs potential (not just of the vacuum), that group must hold stable all the way to the Planck scale.
Next, we explore the most immediate consequence of this symmetry mixing, which is the explicit presence of particles and fields in the SM with spins different from one and with masses different from zero. In particular, we have studied the presence of spin-2 fields, showing unequivocally and uniquely that the Einstein-Hilbert Lagrangian with a dimensionless coupling constant, is present within the SM model, describing an scalable (that is, with an arbitrary and dimensionless coupling constant) Einstein's gravitational field, which in particular includes General Relativity when the coupling constant is taken to be κ = 8πG. However, the scalable gravitational field with an arbitrary κ, allows for perturbative quantum gravity, for the production of black-holes and quarks with energies of the order of tev in four-dimensional space-times, with the exciting possibility of being checked with the presently existing laboratory equipment.
Finally, the existence of the Higgs particle also points to the existence of a short range massive carrier of gravitation, with a possible interpretation of dark matter and dark energy to be detailed in a subsequent report.
